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Aims. It is known that sleep has a major role in the regulation of endocrine functions and glucose metabolism. However, it is
not clear whether the sleep pattern is affected at or prior to the onset of diabetes, among those with prediabetes. The purpose of
this study was to determine the association of sleep patterns and prediabetes in Qazvin, Iran.Methods. A representative sample of
residents of Qazvin was selected bymultistage cluster random samplingmethod in 2011. Plasma glucose level and sleep quality were
measured cross-sectionally as well as demographic characteristics. A logistic regression analysis was used to examine the association
of sleep status and prediabetes. Results. Mean age was 39.3 ± 10.1 years. Of 958, 474 (49.47%) were female. Poor sleep quality was
associated with 2.197-fold increased risk of prediabetes after adjustment for age, gender, bodymass index, andmetabolic syndrome.
Conclusion. This study provides evidences that subjects with poor sleep quality are more likely to develop prediabetes than people
with good sleep quality.
1. Introduction
Sleep is one of the important elements in human life which
is associated with reconstruction of physical and emotional
power. Maintaining regular sleep cycles is absolutely nec-
essary in order to preserve fitness and health. Modern
society encourages late night activities, such as watching
television, using the computer or Internet, and round-the-
clock entertainment, as well as demanding shiftwork or night
work that further promotes such activities [1].
From four decades ago, several studies showed that sleep
has a major role in the regulation of endocrine functions
and glucose metabolism [2, 3]. Sleep fragmentation leads to
an increase in sympathetic nervous system activity [4] that
inhibits insulin secretion and promotes insulin resistance [5].
Short sleep duration leads to changes in levels of appetite-
regulating hormones [6] and increases energy intakes with-
out increase in energy expenditure that make people at risk
for obesity [7].
Glucose tolerance and insulin secretion are alsomarkedly
modulated by the sleep waking cycle [8]. Rafalson et al.
after 6 years of follow-up showed that short sleep duration
was associated with threefold increased risk of developing
impaired fasting glucose (IFG) even after considering several
putative risk factors of diabetes [9]. Some prospective studies
have reported that extreme sleep duration [10, 11] and poor
sleep quality, such as difficulty in sleep initiation [12], are
associated with a higher risk of impaired glucose tolerance
or developing type 2 diabetes.
However, it is not clear whether the sleep pattern is
affected at or prior to the onset of diabetes, among those with
prediabetes. Therefore, the authors hypothesized that poor
sleep quality and short sleep duration are associated with
increased risk of prediabetes.The present study was designed
to examine this hypothesis and determine the association of
sleep patterns and prediabetes in Qazvin, Iran.
2. Material and Methods
This cross-sectional study was performed on a representative
sample of residents of Minoodar district of Qazvin, which
is located 150 km northwest of Tehran capital of Iran, from
September 2010 to April 2011. The study was approved by the
ethics committee of Qazvin University of Medical Sciences.
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Table 1: PSQI scores of the study subjects.
Normal Prediabetes 𝑍 value 𝑃 value
Subjective sleep quality 0.98 ± 0.64 1.00 ± 0.64 0.41 0.681
Sleep latency 1.15 ± 0.94 1.10 ± 0.91 0.65 0.514
Sleep duration 0.77 ± 0.78 0.89 ± 0.72 2.72 0.006
Habitual sleep efficiency 0.37 ± 0.77 0.33 ± 0.73 0.99 0.320
Sleep disturbances 1.09 ± 0.51 1.18 ± 0.51 2.34 0.019
Use of sleep medication 0.21 ± 0.62 0.26 ± 0.66 1.71 0.087
Daytime dysfunction 1.35 ± 0.83 1.30 ± 0.81 0.82 0.408
Data are presented as mean ± SD.
The sampling unit was household and all households had
health profiles at the health center located in the district.
The Minoodar district was divided into four main clusters
according to the population size. The households were
selected bymultistage cluster random samplingmethods.The
inclusion criterion was age ≥ 20 yr. Subjects were invited by
telephone to attend the study and after explanation of the
complete details, they were free to participate. All subjects
gave their written informed consent. Finally, 1107 people were
selected for the study. Demographic and social data were
self-reported in the questionnaire given to the subjects. Two
general practitioners filled out an organized questionnaire
including medical history and physical examination. Details
of sampling method and data collection have been published
elsewhere [13, 14].
Plasma glucose level was measured after a 12–14 h
overnight fasting. An oral glucose tolerance test (OGTT)
was performed for all subjects without known diabetes by
75 g glucose. According to the American Diabetes Associa-
tion classification [15], impaired fasting glucose (IFG) was
defined as fasting plasma glucose (FPG) levels ≥5.6mmol/L
but <7.0mmol/L; impaired glucose tolerance (IGT) was
defined as 2-h values in the OGTT test ≥7.8mmol/L but
<11.1mmol/L; diabetes was defined as fasting plasma glucose
≥7.0mmol/L or 2-h postload glucose ≥11.1mmol/L during
an OGTT test, or previously diagnosed diabetes. IFG and
IGT were considered as prediabetes. In the present study,
subjects with diabetes were excluded. The study population
was divided in two groups including subjects with normal
glucose metabolism and those with prediabetes. Metabolic
syndrome was defined according to criteria proposed by
national cholesterol education program third adult treatment
panel [16].
Sleep quality was assessed by the Pittsburgh sleep quality
index (PSQI) which evaluates sleep quality over a 1-month
time interval [17]. The PSQI is a 19-item self-rated question-
naire that generates seven sleep component scores on a 0–3
scale, with three indicating the greatest dysfunction. A global
PSQI score is composed of the sum of scores for the seven
components in a way that higher score indicates worse sleep
quality. Poor sleep quality was defined as PSQI score greater
than 5 [17].
Self-reported sleep duration was assessed with questions
about bedtime and waking time for each subject. Sleep
duration was classified into three groups: less than 6 hours,
between 6 and 8 hours, and more than 8 hours. Waking time
was classified into three groups: earlier than 6.00 am; 6-7 am;
and after 7.00 am. Late sleep onset was defined as bedtime
after 12.00 am.
Data were recorded as mean ± standard deviation (SD)
or number (percent). The PSQI factors were compared
between subjects with prediabetes and subjects with normal
glucose metabolism usingMann-Whitney𝑈 test. Categorical
variables were analyzed using chi-square test. A logistic
regression analysis was used to examine the association of
sleep status and prediabetes. 𝑃 values less than 0.05 were
considered as statistically significant. All of the analyses were
performed using the SPSS software, version 22.
3. Results
A total of 982 participants (20–72 years old) enrolled in
the study. Of these, 958 had complete questionnaires and
laboratory tests. Mean age was 39.3 ± 10.1 years. Of 958, 474
(49.47%)were female, and 27%hadprediabetes. Subjectswith
prediabeteswere older than normal subjects (43.8± 9.5 versus
37.6 ± 9.8; 𝑃 < 0.001). Prediabetes was more prevalent in
males than in females (32.1% versus 22.1%; 𝑃 = 0.001).
The total global PSQI score was 8.37 ± 2.7. This score was
8.27± 2.7 in the subjectswith normal glucosemetabolism and
8.35 ± 2.5 in the subjects with prediabetes.The difference was
borderline significant between two groups (𝑃 = 0.053). PSQI
scores of the study subjects are shown in Table 1. Only sleep
duration and sleep disturbances scores were significantly
higher in the subjects with prediabetes compared to the
subjects with normal glucose metabolism.
The relationship between sleep patterns and glucose
metabolism status is shown in Table 2. In univariate analysis,
waking time was associated with prediabetes while sleep
duration and bedtime were not associated with prediabetes.
In logistic regression analysis, poor sleep quality was
associated with 2.197-fold increased risk of prediabetes after
adjustment for age, gender, body mass index, and metabolic
syndrome (Table 3).
4. Discussion
Living in the 21st century and changes in activity patterns
have a significant impact on individual’s healthy sleeping
habits [18]. Human behavior and sleep habits may affect
internal circadian clock and homeostatic mechanism and
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Table 2: Relationship between sleep patterns and prediabetes.
Variable Total Normal Prediabetes 𝜒2 df 𝑃 value
Sleep quality
Good 52 (5.4) 44 (84.6) 8 (15.4) 3.757 1 0.053
Poor 904 (94.6) 654 (72.3) 250 (27.7)
Bedtime
At or before 12.00 am 788 (83.9) 580 (73.6) 208 (26.4) 0.280 1 0.597
After 12.00 am 151 (16.1) 108 (71.5) 43 (28.5)
Waking time
Before 6.00 am 113 (12.2) 78 (69.0) 35 (31.0)
12.161 2 0.002Between 6 and 7 am 427 (46.2) 297 (69.6) 130 (30.4)
After 7 am 384 (41.6) 306 (79.7) 78 (20.3)
Sleep duration
<6 hours 33 (3.5) 23 (69.7) 10 (30.3)
3.238 2 0.1986–8 hours 668 (70.7) 478 (71.6) 190 (28.4)
>8 hours 243 (25.8) 188 (77.4) 55 (22.6)
Data are presented as number (percent).
Table 3: Logistic regression analysis of the relationship between “sleep” and “prediabetes.”
Variable 𝛽 value SE OR∗ 95% CI 𝑃 value
Poor sleep quality 0.787 0.421 2.197 0.963–5.140 0.061
PSQI factors
Subjective sleep quality −0.006 0.127 0.994 0.776–1.274 0.965
Sleep latency 0.020 0.089 1.020 0.856–1.215 0.824
Sleep duration 0.059 0.105 1.061 0.863–1.305 0.573
Habitual sleep efficiency −0.104 0.116 0.901 0.718–1.130 0.368
Sleep disturbances 0.122 0.158 1.130 0.829–1.542 0.440
Use of sleep medication −0.018 0.123 0.982 0.772–1.249 0.883
Daytime dysfunction −0.065 0.098 0.937 0.773–1.136 0.509
Late sleep onset 0.278 0.223 1.320 0.852–2.440 0.214
Waking time
6-7 am 1
<6 am −0.245 0.257 0.783 0.473–1.297 0.342
>7 am −0.265 0.187 0.767 0.531–1.107 0.157
Sleep duration
6–8 hours 1
<6 hours −0.169 0.456 0.845 0.345–2.067 0.712
>8 hours −0.238 0.197 0.788 0.536–1.159 0.226
∗Adjusted for age, gender, body mass index, and metabolic syndrome.
result in alteration of sleep quality and duration [19].Quantity
and quality of sleep have important roles in regulation of
glucose metabolism [20]. However, much of the evidence
provided that people with diabetes have poor sleep compared
to those who did not have diabetes [21] and people with
prediabetes are at increased risk of diabetes [22]. In Chaput
et al. study, short and long time sleep were associated with
a higher risk of developing IGT and type 2 diabetes [23].
This study is one of the few to investigate the association
of prediabetes with quantity and quality of sleep using an
OGTT.
In the present study, subjects with prediabetes had a
higher global PSQI score than those with normal glucose
metabolismwith borderline significance. Poorer sleep quality
was also associated with 2.197-fold greater risk of prediabetes
after controlling the effects of bodymass index andmetabolic
syndrome. In support of our findings, other studies have
confirmed that sleep quality is associated with incident risk
for type 2 diabetes [20, 24]. Hung et al. [25] reported that
subjects with newly diagnosed diabetes and prediabetes had
significantly higher global PSQI scores compared to those
with normal glucose metabolism. Engeda et al. found that
waking during the night (≥5 times/month) was associated
with 3.5 times increased risk of clinically identified predi-
abetes but not undiagnosed prediabetes [26]. Knutson et
al. also reported that poor sleep quality and higher sleep
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fragmentation were associated with higher markers of glu-
cose metabolism among subjects with diabetes [27]. These
results support the notion that poor sleep quality may be
a potential predictor of disordered glucose metabolism and
prediabetes.
In the present study, univariate analysis showed that
waking earlier than 7.00 amwas associatedwithworse glucose
metabolism compared towaking later than 7.00 am.However,
this association was not confirmed in multivariate analysis.
Engeda et al. in a cross-sectional study among 2285 partici-
pants from the National Health and Nutrition Examination
Survey found that waking up too early more than 5 times per
month was associated with clinically identified prediabetes
but not undiagnosed prediabetes [26].
In the present study, short sleep duration and bedtime
are not associated with prediabetes. The sample size may
probably preclude finding an association between short sleep
and prediabetes in this study. Chao et al. in a Taiwanese
population have reported that short and long sleep durations
are independent risk factors of newly diagnosed diabetes,
but not prediabetes [28]. In Western New York Health
Study, Rafalson et al. found that sleep duration less than
6 hours was associated with three times increased risk of
developing IFG compared to midrange (6 to 8 hours) sleep
duration [9]. In Engeda et al. study, short sleep (≤5 h/night)
was associated with two times increased risk of clinically
identified prediabetes [26]. Hayashino et al. in HIPOP-OHP
study showed that the association of sleep duration and
risk of diabetes was not significant [24]. In contrast, other
researchers have found that short sleep duration is associated
with increased risk of diabetes in Swedish andU.S. population
[10, 11].
Changes due to sleep disturbances such as low amounts
of slow-wave sleep may adversely affect glucose tolerance
[29]. Many laboratory studies suggest multiple pathway
links between sleep disturbances, either quantity or quality
of sleep, insulin resistance, and glucose metabolism [19].
These evidences have revealed that insufficient sleep and
sleep fragmentation alter physiological mechanisms such
as diminished brain glucose utilization [30, 31]; increased
sympathetic nervous system activity; and inhibited insulin
secretion and promoted insulin resistance [4]. On the other
hand, there are evidences that increased hunger hormone
(ghrelin) levels, decreased leptin levels [32], and increased
systemic inflammatory response are linked to insulin resis-
tance [33] and are suggested underlying pathophysiology in
the developments of prediabetes.
Living in modern societies and different work/social
schedules often lead to mismatch in timing and circadian
misalignment [19]. Scheer et al. studied 10 healthy adults
under experimentally induced circadian misalignment and
found that eating and sleeping 12 h after habitual times were
associated with a 6% increase in plasma glucose levels [34].
Furthermore, Suwazono et al. in a longitudinal study among
Japanese workers have found 1.35 times increased risk of
diabetes in the alternating shift work compared with the day-
shift work [35].
Strength of the present study is that the subjects with
prediabetes completed the PSQI questionnaire before they
knew the results of the oral glucose tolerance test and the
diagnosis of prediabetes had no effect on the participants’
perceived quality of sleep.The limitations of the present study
include its cross-sectional design and the number of studied
subjects. Sleep quality has been assessed only subjectively and
sleep disorders and obstructive sleep apnea have not been
studied, as well.
5. Conclusion
In conclusion, this study provides evidences that subjects
with poor sleep quality are more likely to develop prediabetes
than people with good sleep quality. Implementation of sleep
hygiene principles and regulation of sleep/work pattern can
reduce the risk of prediabetes in susceptible population.
Waking time was not a predictor of prediabetes in the present
study. However, more longitudinal studies are necessary to
understand the association of waking time and prediabetes.
Conflict of Interests
The authors declare that there is no conflict of interests
regarding the publication of this paper.
Acknowledgments
This study was supported by a grant from the Research
Department of Qazvin University of Medical Sciences. The
authors would like to thank the participants involved in the
study and the Research Department of the Qazvin University
of Medical Science for endorsing the project. The authors
would also like to thank Mrs. Zahra Mohammadi and Mrs.
Mahsa Khoshpanjeh for their help in preparing this paper.
References
[1] T. Kita, E. Yoshioka, H. Satoh et al., “Short sleep duration and
poor sleep quality increase the risk of diabetes in Japanese
workers with no family history of diabetes,” Diabetes Care, vol.
35, no. 2, pp. 313–318, 2012.
[2] C. Gronfier and G. Brandenberger, “Ultradian rhythms in
pituitary and adrenal hormones: their relations to sleep,” Sleep
Medicine Reviews, vol. 2, no. 1, pp. 17–29, 1998.
[3] S. M. Schmid, M. Hallschmid, K. Jauch-Chara, N. Bandorf,
J. Born, and B. Schultes, “Sleep loss alters basal metabolic
hormone secretion and modulates the dynamic counterreg-
ulatory response to hypoglycemia,” The Journal of Clinical
Endocrinology&Metabolism, vol. 92, no. 8, pp. 3044–3051, 2007.
[4] K. A. Stamatakis andN.M. Punjabi, “Effects of sleep fragmenta-
tion on glucose metabolism in normal subjects,” Chest, vol. 137,
no. 1, pp. 95–101, 2010.
[5] N. Tentolouris, G. Argyrakopoulou, and N. Katsilambros,
“Perturbed autonomic nervous system function in metabolic
syndrome,”NeuroMolecularMedicine, vol. 10, no. 3, pp. 169–178,
2008.
[6] S. M. Schmid, M. Hallschmid, K. Jauch-Chara, J. Born, and B.
Schultes, “A single night of sleep deprivation increases ghrelin
levels and feelings of hunger in normal-weight healthy men,”
Journal of Sleep Research, vol. 17, no. 3, pp. 331–334, 2008.
Sleep Disorders 5
[7] M. Watanabe, H. Kikuchi, K. Tanaka, and M. Takahashi,
“Association of short sleep duration with weight gain and
obesity at 1-year follow-up: a large-scale prospective study,”
Sleep, vol. 33, no. 2, pp. 161–167, 2010.
[8] G. Copinschi, R. Leproult, and K. Spiegel, “The important role
of sleep in metabolism,” Frontiers of Hormone Research, vol. 42,
pp. 59–72, 2014.
[9] L. Rafalson, R. P. Donahue, S. Stranges et al., “Short sleep
duration is associated with the development of impaired fasting
glucose: the westernNewYork health study,”Annals of Epidemi-
ology, vol. 20, no. 12, pp. 883–889, 2010.
[10] H. K. Yaggi, A. B. Araujo, and J. B. McKinlay, “Sleep duration
as a risk factor for the development of type 2 diabetes,”Diabetes
Care, vol. 29, no. 3, pp. 657–661, 2006.
[11] J. E. Gangwisch, S. B. Heymsfield, B. Boden-Albala et al., “Sleep
duration as a risk factor for diabetes incidence in a large US
sample,” Sleep, vol. 30, no. 12, pp. 1667–1673, 2007.
[12] D. A. Beihl, A. D. Liese, and S. M. Haffner, “Sleep duration as a
risk factor for incident type 2 diabetes in a multiethnic cohort,”
Annals of Epidemiology, vol. 19, no. 5, pp. 351–357, 2009.
[13] A. Ziaee, N. Esmailzadehha, A. Ghorbani, and S. Asefzadeh,
“Association between uric acid and metabolic syndrome in
Qazvin Metabolic Diseases Study (QMDS), Iran,” Global Jour-
nal of Health Science, vol. 5, no. 1, pp. 155–165, 2012.
[14] A. Ghorbani, A. Ziaee, N. Esmailzadehha, and H. Javadi,
“Association between health-related quality of life and impaired
glucose metabolism in Iran: the Qazvin Metabolic Diseases
Study,” Diabetic Medicine, vol. 31, no. 6, pp. 754–758, 2014.
[15] American Diabetes Association, “Diagnosis and classification
of diabetes mellitus,” Diabetes Care, vol. 37, supplement 1, pp.
S81–S90, 2013.
[16] S. M. Grundy, B. Hansen, S. C. Smith Jr., J. I. Cleeman, and R.
A. Kahn, “Clinical management of metabolic syndrome: report
of the American Heart Association/National Heart, Lung,
and Blood Institute/American Diabetes Association conference
on scientific issues related to management,” Arteriosclerosis,
Thrombosis, and Vascular Biology, vol. 24, no. 2, pp. e19–e24,
2004.
[17] D. J. Buysse, C. F. Reynolds III, T.H.Monk, S. R. Berman, andD.
J. Kupfer, “The Pittsburgh sleep quality index: a new instrument
for psychiatric practice and research,” Psychiatry Research, vol.
28, no. 2, pp. 193–213, 1989.
[18] C. M. Worthman, “Developmental cultural ecology of human
sleep,” in Sleep and Development: Familial and Socio-Cultural
Considerations, M. El-Sheikh, Ed., pp. 167–194, Oxford Univer-
sity Press, Oxford, UK, 2011.
[19] S. Reutrakul and E. Van Cauter, “Interactions between sleep,
circadian function, and glucose metabolism: implications for
risk and severity of diabetes,” Annals of the New York Academy
of Sciences, vol. 1311, no. 1, pp. 151–173, 2014.
[20] F. P. Cappuccio, L. D’Elia, P. Strazzullo, and M. A. Miller,
“Quantity and quality of sleep and incidence of type 2 diabetes:
a systematic review and meta-analysis,” Diabetes Care, vol. 33,
no. 2, pp. 414–420, 2010.
[21] Y. W. Tsai, N. H. Kann, T. H. Tung et al., “Impact of subjective
sleep quality on glycemic control in type 2 diabetes mellitus,”
Family Practice, vol. 29, pp. 30–35, 2012.
[22] A. G. Taba´k, C. Herder, W. Rathmann, E. J. Brunner, and M.
Kivima¨ki, “Prediabetes: a high-risk state for diabetes develop-
ment,”The Lancet, vol. 379, no. 9833, pp. 2279–2290, 2012.
[23] J.-P. Chaput, J.-P. Despre´s, C. Bouchard, A. Astrup, and A.
Tremblay, “Sleep duration as a risk factor for the development
of type 2 diabetes or impaired glucose tolerance: analyses of the
Quebec Family Study,” SleepMedicine, vol. 10, no. 8, pp. 919–924,
2009.
[24] Y. Hayashino, S. Fukuhara, Y. Suzukamo, T. Okamura, T.
Tanaka, and H. Ueshima, “Relation between sleep quality and
quantity, quality of life, and risk of developing diabetes in
healthy workers in Japan: theHigh-risk and Population Strategy
for Occupational Health Promotion (HIPOP-OHP) Study,”
BMC Public Health, vol. 7, article 129, 2007.
[25] H. C. Hung, Y. C. Yang, H. Y. Ou, J. S. Wu, F. H. Lu, and C.
J. Chang, “The relationship between impaired fasting glucose
and self-reported sleep quality in aChinese population,”Clinical
Endocrinology, vol. 78, no. 4, pp. 518–524, 2013.
[26] J. Engeda, B. Mezuk, S. Ratliff, and Y. Ning, “Association
between duration and quality of sleep and the risk of pre-
diabetes: evidence from NHANES,” Diabetic Medicine, vol. 30,
no. 6, pp. 676–680, 2013.
[27] K. L. Knutson, E. Van Cauter, P. Zee, K. Liu, and D. S.
Lauderdale, “Cross-sectional associations between measures of
sleep and markers of glucose metabolism among subjects with
and without diabetes: the Coronary Artery Risk Development
in Young Adults (CARDIA) Sleep Study,”Diabetes Care, vol. 34,
no. 5, pp. 1171–1176, 2011.
[28] C.-Y. Chao, J.-S. Wu, Y.-C. Yang et al., “Sleep duration is
a potential risk factor for newly diagnosed type 2 diabetes
mellitus,”Metabolism, vol. 60, no. 6, pp. 799–804, 2011.
[29] N. Herzog, K. Jauch-Chara, F. Hyzy et al., “Selective slow wave
sleep but not rapid eye movement sleep suppression impairs
morning glucose tolerance in healthy men,” Psychoneuroen-
docrinology, vol. 38, no. 10, pp. 2075–2082, 2013.
[30] K. Spiegel, R. Leproult, and E. Van Cauter, “Impact of sleep debt
on metabolic and endocrine function,”The Lancet, vol. 354, no.
9188, pp. 1435–1439, 1999.
[31] A. J. Scheen, M. M. Byrne, L. Plat, R. Leproult, and E. Van
Cauter, “Relationships between sleep quality and glucose regu-
lation in normal humans,”The American Journal of Physiology,
vol. 271, no. 2, part 1, pp. E261–E270, 1996.
[32] K. Spiegel, E. Tasali, P. Penev, and E. Van Cauter, “Brief
communication: sleep curtailment in healthy young men is
associated with decreased leptin levels, elevated ghrelin levels,
and increased hunger and appetite,”Annals of InternalMedicine,
vol. 141, no. 11, pp. 846–850, 2004.
[33] V. Wieser, A. R. Moschen, and H. Tilg, “Inflammation, cytoki-
nes and insulin resistance: a clinical perspective,” Archivum
Immunologiae et Therapiae Experimentalis, vol. 61, no. 2, pp.
119–125, 2013.
[34] F. A. J. L. Scheer, M. F. Hilton, C. S. Mantzoros, and S. A.
Shea, “Adverse metabolic and cardiovascular consequences of
circadian misalignment,” Proceedings of the National Academy
of Sciences of the United States of America, vol. 106, no. 11, pp.
4453–4458, 2009.
[35] Y. Suwazono, K. Sakata, Y. Okubo et al., “Long-term longitudi-
nal study on the relationship between alternating shift work and
the onset of diabetesmellitus inmale Japanese workers,” Journal
of Occupational and Environmental Medicine, vol. 48, no. 5, pp.
455–461, 2006.
Submit your manuscripts at
http://www.hindawi.com
Stem Cells
International
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
MEDIATORS
INFLAMMATION
of
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Behavioural 
Neurology
Endocrinology
International Journal of
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Disease Markers
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
BioMed 
Research International
Oncology
Journal of
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Oxidative Medicine and 
Cellular Longevity
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
PPAR Research
The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014
Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Journal of
Obesity
Journal of
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
 Computational and  
Mathematical Methods 
in Medicine
Ophthalmology
Journal of
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Diabetes Research
Journal of
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Research and Treatment
AIDS
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Gastroenterology 
Research and Practice
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Parkinson’s 
Disease
Evidence-Based 
Complementary and 
Alternative Medicine
Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com
